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Abstract
Continuous electrocardiography during the first 24 hours of a stay in a coronary care unit was used to record ventricular arrhythmias during treatment with alteplase (recombinant tissue plasminogen activator) or placebo. Recordings were made on 378 of the 436 patients admitted to a double blind trial of alteplase or placebo in one participating centre of the Anglo-Scandinavian study of early thrombosis (ASSET), patients being selected according to the availability of recorders. Of these, 309 (158 given alteplase and 151 placebo) had >5 hours of analysable data. Most of the arrhythmias were recorded in patients with an in hospital diagnosis of myocardial infarction. Ventricular couplets and venricular tachycardia were significantly more common in the patients treated with alteplase. Further, in patients with myocardial infarction who had ventricular extrasystoles, couplets, or ventricular tachycardia type a, the number of hours in which each arrhythmia was recorded was significantly higher in the alteplase group. The various ventricular arrhythmias in the alteplase group tended to cluster in the first 4-12 hours of the recordings. During the first 24 hours admission there were four episodes of ventricular fibrillation in the alteplase group and five in the placebo group of taped patients. By one month there had been 18 deaths in these 309 patients (alteplase four, placebo 14). These bore no relation to any recorded arrhythmia. Clinical records for the patients with no or minimal tape data yielded six further episodes of ventricular fibrillation during the first 24 hours (three in the alteplase group and three in the placebo group). Of the total 436 patients, 10 of the 218 patients in the alteplase group -had died by one month compared with 22 of the 218 patients treated with placebo.
The use of alteplase increases the incidence of non-life threatening ventricular arrhythmias. These results, however, suggest that arrhythmia after thrombolysis in the pre-hospital phase may be less of a problem than it is perceived to be.
Coronary thrombolysis is now an accepted treatment for eligible patients who present within 6 hours of onset of symptoms of acute myocardial infarction and the risk-benefit ratio of such treatment is gradually emerging from several large clinical trials."A One particular concern, especially in the pre-hospital setting, is the likelihood of such treatment provoking serious ventricular arrhythmias. In animal studies, for instance, both the occlusion of a coronary artery and its reperfusion are usually accompanied by a burst of ventricular extrasystoles that occasionally degenerates into ventricular fibrillation."
Incomplete reperfusion seems to be particularly provocative.'
In humans ventricular extrasystoles coincided with angiographically proven coronary artery reperfusion,9 but in none of the large clinical trials does there seem to be an increase in serious ventricular arrhythmias during hospital stay. The data available during the operative hours of thrombolysis (and presumed reperfusion) are less complete with most of the human data coming from studies that used intracoronary or intervals in which the arrhythmia appeared (hours seen), the total number of instances of the arrhythmia over the taping period (total on tape), and the number of instances of the arrhythmia during the hour it was most prevalent (maximum frequency per hour).
Full 24 hour records were not available for all the taped patients because of administrative or technical difficulties which often resulted in all or large parts of the tape being unreadable. We elected to include in the statistical analysis only those tapes with > 5 hours worth of recorded data, there being no indication that any imbalance was induced between the treatment groups by this selection. However, instances of ventricular fibrillation, diagnostic categorisation in hospital, and one month outcome are known for all study admissions, including both untaped patients and those patients in whom taping was unsuccessful.
STATISTICAL ANALYSIS
We used standard methods for the analysis of frequency data. Distributions of total tape frequencies and maximum frequency per hour were often highly positively skewed with the occasional patient yielding values that were one or two orders of magnitude greater than all other cases in the group. Thus for treatment comparisons we used either rank sum statistics or we examined tables of grouped data. For the tables of grouped data the generalised logistic regression models described by McCullagh,'4 were often appropriate.
Medians are cited as a measure of central tendency. Distributions of the number of hours in which a particular arrhythmia was seen were more symmetrical and thus means are given for these distributions where appropriate.
Because all patients in this study were also included in the analysis of ASSET the analysis by allocated treatment group was only carried out once the ASSET database was complete and treatment codes had been released.
Results

PATIENTS
During the course of ASSET 436 patients admitted to the University Hospital, Nottingham were randomised to treatment. Tape recorders were available for 378 (82%) patients. Of these recordings 309 had > 5 hours of analysable data (mean 21-7 hours), 11 categorisation and one month outcome (table  3) . Table 3 also gives the diagnoses and one month outcome for the 11 patients with <5 hours analysable data and the 1 16 patients who had no data because of technical problems or were not taped because a machine was not available.
ARRHYTHMIAS
Most of the recorded arrhythmias occurred in patients with an in hospital diagnosis of myocardial infarction. Isolated ventricular extrasystoles were very common. They were seen in 96% ofpatients with myocardial infarction given alteplase or placebo, in 66% of noninfarct patients who received alteplase, and in 72% of non-infarct patients who received placebo. They occurred throughout the monitoring period for a mean of 17 hours in patients with a myocardial infarction and a mean of 10 hours in the non-infarct patients. However, more complex ventricular arrhythmia was much less common in the patients without infarcts (table 4) . When patients without infarcts were excluded, the incidence of each of fast and slow couplets, ventricular tachycardia a, b, and c, and supraventricular tachycardia was significantly higher in the alteplase group. In addition, a higher proportion of alteplase patients recorded a rate for isolated ventricular extrasystoles of > 30 per hour for at least one hour. Table 5 indicates that the treatment with alteplase was also associated with a small increase in the frequency of the occurrence of most of the arrhythmias considered. Among patients with myocardial infarction and VEs, couplets, VTas, or VTcs the number of hours during which each was seen was significantly higher in the alteplase group. There was no significant increase in the maximum frequencies per hour, but the increase in the number of hours during which an arrhythmia was seen caused a corresponding increase in the total on tape.
Hourly analysis of the patient incidence of the various arrhythmias showed that the increase in the alteplase group was more considerable during the first 12 hours of the recordings. Thereafter the incidence in both groups gradually declined (fig 1A-D) .
During the first 24 hours of admission there were four reports of ventricular fibrillation in the alteplase group with analysable tapes and three reports in the group of 53 alteplase patients with no tape data. There were five reports of ventricular fibrillation in the placebo group with analysable tapes and three reports from the group of 63 placebo patients with no tape data. The ventricular fibrillation episodes proved fatal for two patients-one in the alteplase group and one in the placebo group (table 3) .
CLINICAL CORRELATIONS By one month there had been 18 deaths (four in the alteplase group and 14 in the placebo group) in the analysable patients; all deaths occurred in patients who had an in hospital diagnosis of acute myocardial infarction. However, there seemed to be no relation between the arrhythmias recorded in the first 24 hours and the day on which death eventually occurred (table 6) . Indeed, we explored the clinical database for possible differences between those patients who did or did not show ventricular arrhythmias and between those who died and those who survived; we could find no predictive features, such as age, site of infarct, or smoking habit. The excess incidence of recorded arrhythmias in the alteplase group occurred across the board, rather than being confined to a subset of patients.
Discussion
Early treatment with any of the currently available thrombolytic regimens has been shown unequivocally to save lives."q However, both the GISSI 1 study and the second international study of infarct survival (ISIS 2) showed that thrombolysis was accompanied by a slight excess of deaths in the first 24-48 hours in patients treated with streptokinase. Although the cause of death is not always easy to determine, we need to confirm or refute the involvement of reperfusion arrhythmias, particularly because concern has been expressed about the safety of the environment in which thrombolysis is initiated. '5 This subset of patients from ASSET now provides specific evidence that the use of alteplase is accompanied by an increased incidence of ventricular arrhythmias. Treatment with alteplase seems to increase both the number of patients who show a range of arrhythmias and to increase slightly the frequency of the occurrence of these events.
The most worrying arrhythmia, however, is ventricular fibrillation, especially if thrombolytic treatment is given before admission to hospital. In a large series from Rotterdam intracoronary streptokinase was compared with conventional treatment; a lower incidence of both early and late ventricular fibrillation was reported in the thrombolytic group." Similarly in the intravenous streptokinase in acute myocardial infarction (ISAM) study there was a significantly lower incidence of late, but not early, ventricular fibrillation.'2 In our study the incidence of ventricular fibrillation was very low during the taping period and there was no evidence of any increase associated with alteplase. Overall, in the ASSET study the incidence of ventricular fibrillation in hospital was 3 7% in the alteplase group and 4-6% in the placebo treated patients.
It is pertinent to compare the overall pattern of arrhythmias seen in this study with similar studies of streptokinase. After analysis of one minute electrocardiograms taken every hour, Willems and colleagues reported fewer ventricular extrasystoles in the streptokinase treated group, which were attributed to the possibility of smaller infarcts than in placebo group.'6"' Using intracoronary streptokinase and continuous Holter tape monitoring, Miller and colleagues concluded that both ventricular tachycardia and accelerated idioventricular rhythm were more common with active treatment but bore no relation to the degree of reperfusion achieved.8 However, in a subset of the GISSI 1 patients, only accelerated idioventricular rhythm was reported to be more common in the treatment group. '9 
